Operating conditions of LC/MS/MS a. Referred to Table 2 .
MS conditions
Instrument: API 4000 (Applied Biosystems Japan, Tokyo, Japan) Source type: Heated nebulizer (APCI)-negative Curtain gas: 30 mL min Table 1 .
Sampling and pretreatment
A 200 -300 L volume of an air sample was passed through two SP cartridges connected in series at a flow rate of about 200 mL/min for 24 h. An Oz cartridge was attached to the front of the two SP cartridges to remove ozone in the air. Carbonyl compound-DNPOs collected on the cartridges were eluted with 4 mL of acetonitrile. Two eluates were put together and submitted for quantitative analysis. A half aliquot of the eluates was concentrated to 1.0 mL under a gentle stream of nitrogen gas. The final concentration of the solution, four times higher than the original one, was submitted for qualitative analysis to obtain more information of the mass spectra. A 10 µL aliquot of the solution was analyzed by LC/MS/MS. Identification of the carbonyl compound-DNPOs was made by monitoring the diagnostic ion species (referred to Table 2) of the individuals and the coincidence of their retention time (tR). A quantitative analysis was made by using peak intensity (area) in the MRM mode of LC/MS/MS.
Results and Discussion

Ionization mode and monitor ion
To optimize the ionization mode of LC/MS/MS, the mass spectra were measured both in the APCI and in the electrospray ionization (ESI) mode. A standard of carbonyl compoundDNPOs (100 ng/mL) was analyzed by a flow injection method. In the ESI mode, no carbonyl compound-DNPOs gave diagnostic species of the base peak. On the contrary, in the APCI negative mode, they showed the base peaks as a quasimolecular ion (Mn-1) -produced by the isolation of a proton from the molecule (Mn) of the carbonyl compound-DNPOs. Furthermore, the product ion mass spectra from quasi-molecule ions (Mn-1) -were examined by using collision-induced dissociation (CID); their analytical parameters were optimized by infusion analysis. As a result, the diagnostic product ion of m/z 152 was commonly observed in the mass spectra of aliphatic aldehyde and ketone-DNPOs, and that of m/z 163 in the mass spectra of aromatic aldehyde-DNPOs, respectively. The MRM monitored ions and the optimum collision energies are summarized in Table 2 .
Separation of carbonyl compound-DNPOs
Each carbonyl compound-DNPOs was separated within 30 min by an HS-C18 column. Among 25 carbonyl compoundDNPOs, six pairs of the compounds were not completely The selected monitoring ions and their precursor ions for MRM analysis are summarized in Table 2 . Selective ion monitoring of MRM could separate pair-1, pair-3, pair-4 and pair-5 of the compounds. However, the other two pairs (pair-2 and pair-6) could not be distinguished for each other by using MRM. Thus, each two pairs of compounds were evaluated as one peak for quantitative analysis.
A polar liquid phase of the HS-PEG column was also examined for the rapid analysis of carbonyl compoundsDNPOs. A short HS-C18 column was connected ahead of the main column to improve the column performance. The results of the retention times of the carbonyl compound-DNPOs by two types of columns are given in Table 2 . All of the carbonyl compounds-DNPOs were eluted within 20 min on an HS-PEG column. The relative standard deviations of the retention times of the compounds (0.2 -100 ng/mL) were less than 0.5% during the duration of one day.
Calibration curve and method of detection limit
Calibration curves were obtained by introducing a 10 µL aliquot of the DNPOs standard solutions (0.2 -200 ng/mL of carbonyl compounds) into the LC/MS/MS system. The correlation coefficients of the DNPOs between the concentrations and their intensities were 0.986 to 1.000. The IDL was estimated by multiplying the analytical standard deviations by 3, according to the standard method of aldehyde analysis. 5 The IDLs of the carbonyl compounds were 0.03 -0.6 ng/mL, where the relative standard deviations (RSD) were 2.5 -9.8%. Based on the IDLs, the detection limits (DL) of ambient air were calculated to be 0.8 -15 ng/m 3 when the sample volume was 300 L ( Table 2 ). The method of detection limit (MDL) could not be evaluated because it was very difficult to prepare a known concentration of standard gas.
In a preliminary experiment, the sample was collected on two cartridges connected in series to evaluate the collection efficiency on an SP cartridge. All of carbonyl compounds were collected on the first cartridge, and noting was detected on the second cartridge. However, formaldehyde, acetaldehyde and acetone were detected in the range of 2.7 -22 ng/mL on a blank test of the cartridge. These concentrations corresponded to 0.036 -0.29 µg/m 3 when the sample volume was 300 L. Accordingly, the blank values were subtracted from the obtained ones.
Applications of the field sample
Carbonyl compounds were collected once a month at three sampling sites in Osaka from July to October, 2003. The analytical results are summarized in Table 3 . The main components of aldehyde determined in ambient air were formaldehyde and acetaldehyde; the concentrations were 3.0 -6.9 µg/m 3 and 1.3 -4.6 µg/m 3 , respectively. The main components of ketone were acetone and 2-butanone, the concentrations were 3.9 -14 µg/m 3 and 1.3 -5.0 µg/m 3 , respectively. The ratios of the sum of these four compounds to the total ones were 0.69 -0.87.
Except for these four compounds, the concentration levels of the carbonyl compounds were n.d. 
